In recent years patients and health care workers have experienced a marked increase in serious allergic reactions to latex! as a result of the increased exposure and sensitization to latex products in the health care industry, particularly latex gloves. Universal precautions were implemented as a health care policy in 1987 as a result of the human immunodeficiency virus (HIV) epidemic and spread of hepatitis. At that time 1 billion gloves were imported into the United States annually. The following year more than 8 billion gloves were imported. 2 This dramatic increase in the use of latex gloves has greatly contributed to the higher incidence of latex allergic reactions. Moreover, patients and health care workers are not the only ones at risk for latex exposure. With more than 40,000 commercial products in the marketplace that contain latex, persons in other occupations and a considerable portion of the general population are at risk for latex exposure and sensitization.
Methods
More than 500 titles were found during a search of the medical literature from 1990 to 1998 in MEDLINE using the key words "latex" and "allergy." These articles were reviewed based on their relevance to this review. Additional articles dating before 1990 were accessed by cross-referencing the more recent articles.
Epidemiology

General Population
The overall incidence of latex allergy is unknown, but the prevalence in the general nonatopic population is estimated to be less than 1 percent. 3 In a recent study in Detroit, however, 1000 blood donors were tested for immunoglobulin E (IgE) specificity for latex. Results showed a 6.4 percent positive response, which suggests a much higher prevalence in the general population than first presumed. 4 These results were basically replicated in another study, where the prevalence of latex sensitization in persons attending health screening was 6.6 percent. 5 
Patient Population
In the fall of 1989, the Food and Drug Administration (FDA) began receiving reports of patients going into anaphylactic shock while receiving barium enemas. Barium was originally suspected as the sole culprit, but it was soon discovered that the latex-cuffed enema tip was the cause of 16 deaths overall. 6 This finding led to an increased awareness of the risk of type I allergy associated with la-tex products. Patients with spina bifida are at increased risk for latex sensitization because they are frequently exposed to latex from urethral catheterizations, multiple surgeries, and ventriculoperitoneal shunt placement early in life. The prevalence of allergy in these patients ranges from 28 to 67 percent'? Pediatric patients with spina bifida have a risk of latex-related anaphylaxis during surgery that is 500 times greater than that of the general population. The marked increase in latex allergy in these spina bifida patients more likely results from extensive latex exposure early in life rather than a genetic predisposition.
Pregnant woman have also been found to be at risk for sensitization to latex. Four women developed systemic allergic reactions during delivery as a result of exposure to surgical latex gloves worn by the obstetrician. 8 In another study the incidence of latex sensitivity in an ambulatory surgical population was also found to be 6.7 percent (n -996).9
Health Care Workers
The prevalence of latex allergy among health care workers is estimated between 5 to 10 percent. 3 ,IO, 11 In a study of registered nurses the prevalence of latex sensitization was 8.9 percent (n -741).12 In another study the prevalence of latex sensitization in a hospital employee population was approximately 8 percent (n -135),13 and in another hospital setting, the prevalence oflatex sensitization was 12.1 percent among workers (n -1351).14 Other At-Risk Populations Workers in the latex-manufacturing industry are also at risk, with one glove-manufacturing plant reporting a 3.7 percent prevalence of occupational asthma based on positive skin-prick testing and spirometric data. ls Workers at a latex doll-manufacturing plant were also found to be sensitized to latex sensitization. 16 Many other persons are at risk, especially the police and emergency medical personnel, food handlers who work in cafeterias and fast-food restaurants, and sanitation engineers in various fields, all of whom can wear latex gloves for prolonged periods.
Atopic Patients
Persons with atopy have higher risk for latex allergy. Two studies found that 54 and 57 percent of persons with latex allergy had a history of atopy (asthma, rhinitis, or food allergy).17,18 In the same study it was estimated that 2.5 percent of hospital employees had occupational asthma secondary to latex hypersensitivity. 18 The prevalence of latexspecific IgE antibodies in atopic and nona topic children with type 1 diabetes was 6 percent compared with OJ 7 percent in the general population. The high rate of sensitization to latex in children with diabetes is secondary to the high rate of atopy in the study population. Atopic patients with diabetes, however, might be at risk for reactions secondary to latex from insulin vials and syringes. 19 Finally, in patients being evaluated for allergy, the prevalence of latex-specific IgE antibodies was 12 percent. 20
Pathophysiology
Latex is the milky sap obtained by tapping the rubber tree, Hevea brasiliensis. It is derived from cells of the lactiferous system and is easily harvested. 21 The raw product is mixed with a preservative, such as ammonia; it is then concentrated and shipped as a latex concentrate. 22 Commercial use began with the discovery of vulcanization in 1839 by Charles Goodyear. Vulcanization (heating in the presence of sulfur) greatly enhances the elasticity, strength, and stability of latex. Numerous chemical accelerators reduce the temperature and time required.23 These accelerators can cause allergic reactions and are responsible for many cases of contact dermatitis. lo Chemically, latex contains proteins, cis-polyisoprene, water, and lipids. The proteins cause the severe immediate hypersensitivity reactions. 1, 24 More than 50 different proteins have been implicated in the allergic response, with up to a total of 240 different proteins found in latex. 25 Latex products are made either by pouring the rubber into molds or by forming a coating in a dipped process, as is done with gloves, balloons, and condoms. Dipped or very soft rubber products appear to have the highest content of latex proteins and, therefore, have the greatest allergenic potential.
Systemic reactions to latex can result from exposure to latex protein by various routes, including the skin, mucous membranes, inhalation, and intravascular or internal tissue. Medical devices that have been reported to trigger serious systemic reactions by cutaneous exposure include anesthetic masks, tourniquets, electrocardiogram electrodes, adhesive tapes, condom catheters, and ileostomy bags. Most severe reactions to latex have resulted Mattresses on Wound drains stretchers from latex proteins contacting mucous membranes of the mouth, vagina, urethra, or rectum. Materials used in dentistry, including gloves, mouth bite plates, and orthodontic elastics, are potential allergic sources. For infants pacifiers might be a possible source of exposure to latex allergens early in life. 26 Some of the most severe reactions to latex have resulted from contact between the rectal mucosa and balloon catheters used for barium enemas; these reactions are thought to be due to the high absorption rate of the rectum. Cornstarch powder is applied to latex gloves during the manufacturing process to prevent stickiness and to give the gloves a smooth feel. Latex protein particles have been shown to adhere to the surface of these cornstarch particles, which then become aerosolized on removal of the gloves. 25 ,27 Airborne latex protein absorbed by the cornstarch glove powder has been found to be related to asthmatic reactions. Health care workers who use gloves or work in a latex-laden environment are thus susceptible to occupational bronchial asthma. 28 -30 Many case reports describe severe intraoperative anaphylaxis associated with surgical gloves coming into contact with the peritoneum and viscera; these tissues readily absorb the water-soluble latex proteins. 3o Intravascular administration oflatex proteins can result from disposable syringe plungers, medications stored in vials with rubber stoppers, and intravenous tubing with latex injection ports (Table 1) . 28, 31 Because latex is a natural product of the rubber tree, many other fruits in this family of plants will have similar proteins. These proteins are so simi- lar that the immune system recognizes these as latex proteins and then responds to it. The most common cross-reactivity has been found between latex and such foods as banana, avocado, chestnut, passion fruit, kiwi fruit, potatoes, and tomatoes, all of which have been found to be antigenically similar to latex (Table 2) .32 Other foods, including figs, apples, celery, melons, pineapples, milk, papayas, and grapes, and pitted fruits, such as cherries, peaches, and apricots, can also cross-react and cause symptoms. In one study, 42.6 percent of patients known to be allergic to latex reported allergic symptoms after ingestion of cross-reactive fruits, including kiwi, banana, pineapple, passion fruit, and mango. 32 
Clinical Manifestations
There are three main types of latex sensitivity reactions. Irritant contact dermatitis (nonimmune) has a gradual onset, taking days, and is caused by accelerators and chemicals used in the latex glove The third type of reaction is immediate hypersensitivity, or type l-IgE mediated reaction, which is caused by the latex proteins. Its onset occurs within minutes and rarely lasts longer than 2 hours. These symptoms include local and generalized urticaria, lightheadedness, angioedema, nausea, vomiting, abdominal cramps, rhinoconjunctivitis, bronchospasm, and anaphylactic shock. It is possible to have used latex for years without problems and suddenly progress to systemic symptoms. Anaphylactic reactions to latex have been reported in persons who had previously experienced only irritant or allergic contact dermatitis. 25 
Diagnosis
Because any product containing latex can trigger a reaction, cautious investigation of products at home, in the workplace, and at sites of medical and dental care should occur. A thorough medical history is the cornerstone of the diagnosis of latex allergy. The patient should be asked about occupational and other risk factors. Furthermore, the history should determine whether previous reac-288 ]ABFP July-August 1999 Vol. 12 No. 4 tions have occurred and, if so, what type of reactions. A history of reactivity to foods, symptoms following use of a rubber condom or diaphragm, or symptoms associated with pelvic examination should raise the suspicion of latex sensitivity (Table 3) .
Because of the lack of awareness of latex allergy or a concomitant history of atopic illness or both, sensitized persons typically do not attribute their respiratory symptoms of rhinoconjunctivitis or bronchospasm to latex exposure. For this reason, eliciting a history suggestive of latex allergy is vitally important before undertaking any elective procedure during which latex exposure will occur.
In one study, however, none of the patients whose deaths were attributed to anaphylaxis caused by latex exposure had any known risk factors other than atopic illness, illustrating that even taking the above precautions can be insufficient. 33 Standardized extracts for skin-prick testing are not readily available in the United States. Because such testing can cause an anaphylactic response, these tests should be conducted only at centers that have staff experienced in preparing extracts. FDA-approved in-vitro tests to measure latexspecific IgE are available (Pharmacia CAP, Pharmacia-Upjohn Diagnostics, Kalamazoo, Mich; AlaSTAT, Diagnostic Products Corps, Los Angeles, Calif)34 The low specificity of these tests limits their clinical usefulness. A negative serologic test despite a strong positive history of sensitivity would suggest the value of skin-prick testing to confirm the diagnosis. 25 
Treatment of Reactions
are administered. Diphenhydramine (Benadryl) can be used for urticarial reactions. In the course of resuscitation, all contact with latex products should be avoided. Fluids and nebulized medications for bronchospasm might be required. Treatment should be continued with monitoring until after symptoms resolve. It is ironic that for the exquisitely latex-sensitive person who develops a type 1 hypersensitivity reaction, the hospital and emergency department settings can be most fraught with danger because of the great amount of latex found in medical equipment. Growing awareness of the magnitude of health risk posed by latex allergy might improve this paradoxical situation. 25 
Management Issues
Acute systemic reactions to latex should be treated in the same manner as any anaphylactic reaction. The airway, breathing, and circulation are assessed, oxygen is provided, and epinephrine and steroids
In 1991 the FDA recommended that all patients be questioned for potential latex allergy, particularly those with spina bifida or any patient scheduled for surgical or diagnostic procedures. All physicians are requested to report all episodes of anaphylaxis during procedures requiring general anesthesia through state health departments to the epidemiology branch of the hospital infections program at the National Center for Infectious 35, 36 In the health care setting, the two major strategies for management are (1) prevention and treatment of occupational latex allergy in employees, and (2) the safe care of the latex-allergic patient. The cornerstone of latex allergy treatment is avoidance. Many persons who are constantly exposed to the powdered latex glove are likely to become sensitized. Workplace decisions should be made to reduce cumulative exposure to latex, including the widespread purchase of nonlatex gloves or nonpowdered, low-protein latex gloves.
Covering skin cuts on hands with adhesive bandages before donning latex gloves might help prevent increased IgE production. In addition, putting on powdered gloves cautiously will help prevent inhalation of the aerosolized latex proteins. Some newer glove products have very low soluble and aerosol titers of proteins, but wide variation remains between brands. For health care workers and patients who are allergic to latex, nonlatex gloves should be used (Table 4 ). The Nationallnstitute of Occupational Safety and Health (NIOSH) recently published an advisory document on natural latex rubber in the workplace. It recommends that nonlatex gloves be used for all activities that are not likely to involve contact with infectious materials (eg, food preparation, routine housekeeping and maintenance)Y
In caring for the patient with latex sensitivity, the distinctions between a true type 1 and irritant and allergic contact dermatitis reactions caused by other factors must be considered. Any evidence of a history of type 1 reactions necessitates a latexfree environment. In the hospital setting protocols for the emergency department, operating room, in-patient rooms, and other areas where patients might come into contact with latex should be established and should be available to all hospital staff, including housekeeping staff (Tables 5 and   6 ). At the time of admission, latex allergy status should be established by the history or screening questionnaire. Status should be documented and prominently displayed at the door, at the bedside, and on wristbands. Emergency department, operating department, and crash cart supplies should include nonlatex products. Note that so-called hypoallergenic latex gloves are not necessarily latexfree; they can contain considerable amounts of latex allergens and should not be worn in the vicinity of persons who are allergic to latex.
290 JABFP July-August 1999 Vol. 12 No.4 During regular physical examinations and preoperative history taking and physical examinations, patients who report a history of vague allergic reactions should be queried further for evidence of latex allergy (Table 3) . Latex-sensitive patients undergoing surgery should be scheduled as the first case of the day, when aerosolized latex particles are the lowest. Larger hospitals should have a designated latex-free operating suite. If blood pressure cuffs and tubing are made of latex, the patient's extremities should be wrapped to prevent contact.
Although it has been recommended that medications not be drawn up through rubber-stoppered vials or allowed to sit in preloaded syringes that contain latex rubber, and that latex ports should not be used for intravenous injections, these precautions appear to be impractical for all but the most exquisitely latex-sensitive patient and are likely not necessary. 38 Patients have been premedicated with antihistamines, steroids, and histamine Hrblockers, but anaphylactic reactions have occurred despite such pretreatment. 38 Because the FDA has established rules for labeling all medical devices that contain natural rubber latex,39 the process of recognizing these products in the medical setting should be simplified.
Persons with latex hypersensitivity should possess epinephrine autoinjection kits and wear a medic alert identification. They should also carry diphenhydramine with them. Carrying extra pairs of nonlatex gloves for emergency medical or dental care is also advisable. Wearing a medic alert identification is important for the following reason: if an accident were to occur that would render the patient unconscious, the patient might be exposed to numerous medical products containing latex in the emergency department, including blood pressure cuff, urinary catheter, face mask, tourniquets, gloves, intravenous tubing, and so on, that could worsen the patient's symptoms and result in anaphylaxis.
Many household items, everyday products, and sports equipment are made of latex. Latex-allergic patients should allergy proof their homes and environment and be ready to recognize potential latex-containing products. In addition, patients should be educated about the cross-sensitivity between latex and certain fruits. They should also be aware that these cross-reactive fruits can be hidden in meals, such as in juice, liqueur, wine, fruit salad, ice cream, jam, chewing gum, potato chips, and cereal. 32 With the increasing use of computers and Internet access, patients can be referred to several Websites to be informed about latex allergy (Table 7) .
Conclusion
When caring for patients with latex allergy, the physician should educate patients about the potential hazards of latex-containing products. Health care providers should also develop a plan for protecting patients and health care workers from latex exposure and be able to manage allergic reactions when they occur.
